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1. Introduction
Document R3-112888 presents a number of questions regarding the second solution proposed in the text proposal for the RAN3 internal TR [4] on HNB/HeNB mobility enhancements (see [2]) and also described in [1].
In this paper a number of clarifications are provided concerning the solution in [1] and a number of issues are raised concerning solution 1 in [2] also described in [3].

2. Clarifications on SRNC based disambiguation
R3-112888 divides the second solution proposed in [1] into two, Solution 2a and Solution 2b.  Solution 2a is the solution where the acquisition of information needed at SRNC occurs via Release 9 UEs, while Solution 2b is the solution where the information is provided at the SRNC via OAM.

Clarifications on Solution 2a:

As an example to anwer the question of “how many Rel9 UEs are needed to gather information at SRNC”, the case of MRO in lTE can be considered. The number of Release 9 UEs needed to ensure acquisition of information at the SRNC is comparable to the number of UEs needed for tuning the MRO function. 

Just like an operator would rely of enough UEs supporting MRO to ensure that the mobility borders are correctly configured between all cells and to avoid mobility failures, in the same way an operator can rely on the acquisition of neighbour CSG cells information at SRNC via Release 9 UEs. 

In MRO the proportion of UEs needed to fine tune handover trigger points is very small. Trials have proven that by allowing a number of about 10 UEs to move in a dense HetNet deployment the HO trigger points between cells can be adjusted to a stable level.

In the case of support for CSG mobility of legacy UEs, the effort required by Release 9 UEs would be much smaller than in the case of MRO. In fact a Release 9 UE would have to report the CSG cell only once for the SRNC to identify it and store its information. It is assumed that such identification needs to occur e.g. once a day due to some HNBs re-initialising their cells by switch on/off.
Referring to the case of some SON functions relying on the presence of certain UEs, R3-112888 quotes “if insufficient UEs exist for ANR to converge, a human operator can still ensure proper neighbour list configuration. If insufficient Rel-9 UEs exist for Option 2a to track Reference Parameters, active hand-in simply fails.”

The latter is incorrect for a number of reasons. Functions like MRO or ANR assume no operator intervention.  If an operator had to intervene to complete the actions of ANR or MRO there would be no point in deploying the function. Therefore these functions purely rely on capable UEs to configure the network in an efficient way.
Secondly, if not enough Release 9 UEs are available to support mobility of legacy UEs to CSG cells, an operator could always configure a source RNC with information about the HNB cells present in each macro cell coverage area, including fingerprinting information about the CSG cells neighbours.  This is why Solution 2b was proposed.
R3-112888 claims that CSG capable Release 9 UEs will not be present in a UMTS network for a long time. However, it should be noted that, as analysed in section 3, Solution 1 would only work after RNCs, HNB GWs and HNBs are upgraded to support Release 11 features. Hence, an operator would not see the (doubtful) advantages of enhancements in legacy UEs mobility until the entire macro and HNB network is upgraded to Release 11 specifications. 
Clarification on Solution 2b:

Note that the following information is already reported by a HNB to its management system at power up:

· Location information including

· Macrocell Information

· GNSS location information

· Broadband connection information, provided that the resulting location information is at least as accurate as location determination based on macro-cell coverage information, whether or not there is macro-cell coverage available at the location of the HNB
· Note: Location mechanisms for HNBs are also based on implementation specific algorithms and are implemented by most vendors due to requirements on location of the cell where an emergency call originates

· Neighbour Cell Information including

· List of neighbour UTRAN Cells information including UARFCN (DL), RSCP of CPICH, PSC, Cell ID, CSG Cell Info

· List of neighbour GSM Cells Information including ARFCN, Cell ID

The above information is available already at the HMS.  

Solution 2b is mainly based on configuring fingerprinting information in the SRNC for each CSG cell in a given macro cell. 
Namely, the solution is based on collecting the PSCs of cells neighbouring a given CSG cell and then use this information to compare the set of detected PSCs by a legacy UE in the vicinity of the target CSG cell.
The PSC fingerprinting information is made available by HNBs reporting to the HMS the result of their radio scans (i.e. reporting all UMTS and GSM neighbouring cells). Configuration of such information at the SRNC occurs via the OAM system.
Once this information concerning PSC fingerprinting is available, time difference information can be acquired via legacy or non legacy UEs. 
For example, a legacy UE would detect a given CSG cell and it would report its surrounding neighbour PSCs to the SRNC. On the bases of the fingerprinting information SRNC will detect the target CSG cell. The legacy UE will report time difference of such CSG cell to the SRNC, which will store it together with the fingerprinting information.

Note that this solution, just like solution 2a does not necessarily need any of the CSG cells or any CSG PSCs to be broadcast in the NCL of the serving macro.
Also, this solution has already been acknowledged as a reliable mechanism for CSG cell identification because it is based on the proximity indication flag concept standardised in RAN2 for detection of accessible CSG cells by Rel9 UEs.
Hence, given that the information on HNB fingerprinting and location are already available in the HMS, an operator is always able to configure a macro RNC with such information. 
In a network where the HNB infrastructure and the macro infrastructure need to be integrated and harmonised it would be very unlikely if exchange of information between HNB OAM and macro OAM did not occur. Just as a non exhaustive example, let’s think of coordination of PSC distribution between hybrid HNBs, open HNBs and macro cells.

3. Issues Related to Target Disambiguation in HNB-GW

There are aspects of the solution described in R3-112888 as Solution 1 and also presented in [3], which still remain unclear. The following is a summarized list:
· Firstly, it is not clearly explained in R3-112888 what are the impacts on the current interfaces due to a fundamental change in the mobility procedure, i.e. that the target SRNS decides which one is the target cell. 
For example, how are the following procedures going to function if Solution 1 presented in R3-112888 was accepted:

· RANAP: RELOCATION REQUIRED
According to current specifications an RNC would construct the RELOCATION REQUIRED by means of information reported by the UE about the target. However, in the new use of this mobility procedure proposed in Solution 1 there is no target to configure. 
Further, the Source RNC to Target RNC Transparent Container would have to contain target information that the RNC will have to derive from sources not described in R3-112888. 
This constitutes a fundamental change in the RNC behaviour.
· RANAP: RELOCATION REQUEST ACKNOWLEDGEMENT/REQUEST COMMAND
This message will be generated by the target HNB and sent to the source RNC. However, the target used by the SRNC will most likely have to be the HNB GW, which is different from the target that will generate this message. How is this discrepancy going to impact current working assumptions?
· If it is assumed that a default target HNB GW is known at the SRNC in order to correctly construct the RANAP: RELOCATION REQUIRED message, how is Solution 1 going to work when the macro cell spans across different HNB GW domains?
What is the level of configuration required at the SRNC to ensure that the right target is selected when constructing the RANAP: RELOCATION REQUEST?

· Secondly, it is very well known from Release 10 discussions that there is no “cunning” way to perform mobility of legacy UEs to CSG cells in an efficient way. 
Indeed, a legacy UE will believe that every available cell, accessible or not accessible, closed or hybrid or open, is a normal cell to report and potentially to access. 
According to Solution1, whenever a legacy UE is in the coverage area of a closed CSG cell, the SRNC shall generate mobility messages towards the target HNB GW. This is going to cause the following:

· Considerable increase of signalling towards the CN

· Considerable increase of Relocation Failures due to the majority of CSG detected cells being not accessible

· Considerable increase of Relocation signalling at SRNC and at HNB GW
· Considerable increase of access control procedures for legacy UEs at target HNB GW
· Thirdly, Solution 1 assumes that HNBs are going to autonomously set up their cell with an SFN-SFN time difference to the overlapping macro that is different from other HNBs using the same PSC. 
However, it needs to be considered that UE measurements of the SFN-SFN time difference are subject to error. It can be typically monitored that errors in the order to 20-30 chips are very frequent, especially in cases of target Ec/No equal or lower than -15dB (which is very typically the case when the UE is outdoor and the target cell is indoor). 
How is Solution 1 ensuring that, at each HNB cell setup, a big enough SFN-SFN time difference separation between all HNBs using the same PSC in the macro coverage can be ensured? 
How can it be ensured that such separation can overcome UE measurement errors when it comes to target cell disambiguation?

· Further, R3-112888 does not specify how well Solution 1 will work in inter frequency cases.
It is certainly true that a UE needs longer time and dedicated measurement gaps to measure inter frequency cells. It is also true that the macro to CSG HNB mobility under discussion is most likely applicable to a scenario where the UE will move from an outdoor location to an indoor location. This leaves very little time for the UE to acquire inter frequency measurement gaps, measure the target CSG cells and allow for the relocation procedures to be carried out.
Therefore, there seem to be a very high risk of failure for relocation to an inter frequency cell.
· In cases of inter frequency mobility a UE will need to be frequently allocated measurement gaps for measuring and detecting inter frequency CSG cells (Note that we are dealing with legacy UEs, therefore there is no proximity indicator function at the UE and the UE lives in blissful ignorance of whether it is close to an accessible cell or not).  
This will imply impacts on UE performance (due to frequent interruptions in data reception) and increases in UE battery consumption.

· Moreover, it is unclear why the Source Cell Identity needs to be included as part of the information needed at HNB  GW for disambiguation. Such information is already available in the UE History Information and could already be used to disambiguate the target.

· Finally, it is claimed in R3-112888 that the impacts to the RNC are FFS because “all the parameters from Table 1, except Source Cell Identity, are available in the UE’s Measurement Report Message, which SRNC “should”… make available to the HNB-GW”
To the authors understanding there are no means currently to provide UE measurements on e.g. detected set cells or SFN-SFN time difference to the HNB GW.  The authors believe that the transport of such information would mean changes to the RNC and to the interfaces (as well as changes to the HNB GW and HNB).

The points listed above shall be discussed before RAN3 can go any further with considering Solution 1 or any solution that incurs in the above issues.
4 Conclusions

This paper addressed some of the questions asked in R3-112888.  However, the issues raised in the sections above trigger a number of questions RAN3 shall discuss and answer before moving forward with the study of solutions to support legacy UEs mobility to CSG cells. 
Indeed, there is no mandate in the SID for HNB/HeNB mobility enhancements (see [5]). Hence, if valid reasons are found, it is plausible to assume that solutions in this area do not need to be part of the current study item.

The issues that would make any solution, designed to address the problem of legacy UE support for CSG cells mobility, inefficient are as follows:

· It is not possible to control whether a legacy UE selects a target cell that is accessible or not accessible
· This will cause huge increases in mobility signalling, mobility failures and scalability problems due to uncertainty of signalling load when dimensioning the network
· Inter-frequency mobility requires extra measurement gaps, time delays and causes increased power consumption

· Legacy UEs, not aware of whether an accessible CSG cell is in vicinity will be forced to perform excessive amounts of inter frequency measurements with consequent increase in signalling and power consumption
The points mentioned above were also discussed during the course of Release 10, where it was acknowledged that efficient functioning of HNB networks can only be achieved via CSG capable UEs. Hence it is very plausible to assume that operators wanting to make extensive use of legacy UEs will ensure deployment of UEs with CSG capabilities.
For the reasons described above the following proposal is made:

Proposal1: RAN3 shall consider the pros and cons of solutions trying to address support of legacy UEs mobility to CSG cells and evaluate whether these solutions need to be taken any further or discarded from the scope of the HNB/HeNB mobility Enhancements SI
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